(19) 



J 



Europalsches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(ID EP 1 233 567 A1 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

21.08.2002 Bulletin 2002/34 

(21) Application number: 01440015.4 

(22) Date of filing: 25.01 .2001 



(51) mt CI7: H04L 7/00, H04J 14/02, 
H04B 10/17 



(84) Designated Contracting States: 


• Brlndel, Patrick 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


91310 Longpont S/Orge (FR) 


MC NL PT SE TR 


• Jacquinot, Jean-Claude 


Designated Extension States: 


94270 Le Kremlin Blcetre (FR) 


AL LT LV MK RO SI 






(74) Representative: Rausch, Gabriele, Dr. et al 


(71) Applicant: ALCATEL 


Alcatel 


75008 Paris (FR) 


intellectual Property Department, Stuttgart, 




Postfach 300929 


(72) Inventors: 


70449 Stuttgart (DE) 


• Devaux, Fabrice 




92120 Montrouge (FR) 





(54) Method for adjusting time delays and device for synchronization of channels in a WDM 
system 



(57) The invention is also related to ad evices for a 
synchronization of data in an optical WDM transmission 
system, consisting of the following parts: A wavelength 
demultiplexer (1) for demultiplexing the incoming data 
stream in the synchronizer, delay lines(2) for the individ- 



ual wavelength channels, a multiplexer (10), a modula- 
tor (3) modulated by a high frequency clock signal (5) 
and at least one photodetector (4) tapped to output line 
(B) where the photodetector (4) is connected to an elec- 
tronic control circuit (6) which is connected to the indi- 
vidual delay lines (2) for an automatically adaptation. 
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Description 

Background 

[0001 ] The invention is related to a method for adjust- 
ing time delays between at least two channels in an op- 
tical WDM (wavelength division multiplex) transmission 
system comprising the following steps: 

• Demultiplexing the signals, delaying the signals in- 
dividually between channels and multiplexing the 
signals again for the next step (Block 1) 

• remodulating the multiplexed signal with a clock sig- 
nal of high frequency (Block 2) 

• monitoring the remodulated signal with a low fre- 
quency photodetector unit (Block 3) 
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dent in the modulator. The delay lines are adapted man- 
ually to optimise the performance of the transmission 
system. 

The arrangement in the prior art document shows a lab- 
oratory solution. For a practically solution in a regener- 
ation tool of a transmission system an automatically syn- 
chronization in the time domain between several wave- 
length channels is necessary. 
[0005] It is also known from prior art to synchronize a 
bit stream signals with help of a clock signal. In the 
French Patent 2 706 710 a method is described for an 
automatically synchronization of a single signal by using 
an electrooptica! absorption modulator and a signal de- 
rived from the modulator itself. This method can only be 
applied using an electro-optical absorption modulator 
and only for one optical channel. 

Description 



• measuring, analyzing the photocurrent of the pho- 
todetector, adjusting via an electronic circuit the 
time delays between the channels (Block 4). 

[0002] The invention is also related to a devices for a 
synchronization of data in an optical WDM transmission 
system, consisting of the following parts: A wavelength 
demultiplexer (1) for demultiplexing the incoming data 
stream in the synchronizer, delay lines(2) for the individ- 
ual wavelength channels, a multiplexer (10) , a modula- 
tor (3) modulated by a high frequency clock signal (5) 
and at least one photodetector (4) tapped to output line 
(B) where the photodetector (4) is connected to an elec- 
tronic control circuit (6) which is connected to the indi- 
vidual delay lines (2) for an automatically adaptation. 
[0003] Wavelength division multiplex transmission 
systems allows to transmit a high data rate at several 
wavelengths of a definite wavelength grid. The trans- 
mission over large transmission distances occurs the 
problem of degradation of signals power, signals shapes 
and signal position in relation to the clock signal. 
To overcome this problems the signals must be regen- 
erated during the transmission. The invention is related 
to the regeneration issue of signals and especially for 
the position recovery of the signals in the digital bit 
stream. 

[0004] Regeneration of WDM signals has been dem- 
onstrated in a soliton-based regenerator up to 4x40 Gb/ 
s in the publication " Simultaneaously regenerated 4x40 
Gbit/s dense WDM transmission over 10,000 km using 
a single 40 GHz InP Mach Zehnder modulator", O. 
Leclerc et al, Elect. Letters; Vol. 36, n°18. This prior art 
shows a synchronisation of the four channels of different 
wavelengths. For the remodulation of the signals the 
signals are multiplexed and fed in a Mach Zehnder mod- 
ulator driven by a clock signal that was extracted from 
a individual wavelength channel. Optical delay lines are 
inserts for the individual wavelength to insure that the 
pulse signals of the four channels remain time coinci- 



de? [0006] The inventional method has the advantage 
that the time delays are adjusted automatically. The tun- 
ing speed depends mainly on the low frequency cut-off 
of the photodiode and the time response of the optical 
time delay. 

25 [0007] The inventional method and the inventional de- 
vice can use any type of modulator in block 2, Mach- 
Zehnder or electroabsorption, InP or LiNb0 3 based. 
[0008] It is also an advantage of the device that the 
block 3 could be easily implemented when using 
so anAWG (Arrayed Waveguide Grating) integrated with 
photodiodes array. The whole power consumption re- 
mains very low even when a great number of channel 
are simultaneously regenerated . This is due to the fact 
that only one RF clock recovery is required. 
35 Low cost electronic control due to the low frequency 
electronic response of the required components allows 
a cost reduced solution for the synchronization tool. 
[0009] It is an advantage to use a device where only 
a part of the signals is analysed . Then it is possible to 
40 adjust independently each wavelength without degrad- 
ing to hardly the transmission quality when varying 
largely the optical delay line. 

[001 0] Preferred embodiment of the inventional solu- 
tion are shown in the figures and described in the fol- 
45 lowing description. 

Figure 1 shows a schematic solution for a synchro- 
nization device 
Figure 2 shows a first embodiment of the synchroni- 
se zation device 

Figure 3 shows an advanced embodiment of syn- 
chronization device 
Figure 4 shows the photocurrent over the delay time 

55 [0011] Figure 1 shows the principles of the inventional 
device. The incoming signal is connected to a demulti- 
plexer 1 . The output lines of the wavelength demultiplex- 
er 1 are individually connected with adjustable delay 
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lines 2 and with a multiplexer 1 0. This part of the device 
are arranged in block 1 of the synchronizer. The output 
signal A is fed in a modulator 3. The modulator is con- 
nected with a clock recovery circuit 5. This clock recov- 
ery circuit is tapped to one or more of the demultiplexed 
and time delayed wavelength channels. After the mod- 
ulator a photodetector 4 is placed. This photodetector is 
a low-frequency photodiode that is connected to an 
electronic control circuit 6. The electronic control circuit 
6 is connected to the individual delay lines 2 . 
[0012] The principal solution is: when the RF signal 
applied on the modulator by the clock recovery circuit 5 
and the optical pulses of the one signai are synchro- 
nous, the photocurrent of the photodetector 4 has its 
maximum. On the contrary when the optical pulses are 
phase shifted by 1 80°, the attenuation is maximum and 
the detected current is minimum. 
This example is explained in the FR 2 706 71 0 which is 
incorporated by reference. 

[0013] In the first block, N WDM channels are demul- 
tiplexed to allow adjustment of the time independently 
and then re-multiplexed. At this stage a synchronised 
WDM signal can be used in output A. In the second 
block, the modulator is driven by an RF signal synchro- 
nised with any of the WDM channels (they all operate 
with the same bit rate) by detection of the optical signal 
and clock recovery. In the third block, a small part of the 
modulated optical signal is extracted by a coupler and 
detected by a low-frequency photodiode. In a fourth 
block the detected signal is used by an electronic circuit 
to control the N time delays of block 1 . By using the out- 
put B, the scheme of figure 1 is also the main part of a 
soliton-based regenerator which also contains amplifi- 
ers and pulse reshaping means. 
[0014] In a WDM context, the photocurrent variation 
is similar whatever the time shift of the other channels. 
Each WDM channel can thus be adjusted in sequence 
or with various dithering frequencies. The photocurrent 
variation amplitude is however decreasing with the 
number of channels. 

[0015] The mean detected photocurrent is the sum of 
N independent contributions, each depending on the 
time shift between the RF signal applied on the modu- 
lator and the time arrival of the pulse in the modulator. 
The electronic control circuit typically varies sequentially 
each optical time delay t, to maximise the mean photo- 
detected current. Only one sequence is necessary to 
find the optimum value corresponding to the synchroni- 
sation of every channel. Alternatively a dithering tech- 
nique can be used by attributing a control frequency to 
each channel. 

As the number of WDM channels increases, however, 
the current variations decrease. Let us call p the linear 
extinction ratio of the modulator, for instance p=0,25 for 
6 dB extinction ratio. In a single channel configuration, 
the photocurrent variation when varying the time shift is 
i max /i min =1/p. In a WDM configuration, the photocurrent 
variation for a given channel depends on the synchro- 



nisation of the other channels. In the worst case, i max / 
j mln =1-1/N+1/(pN). Numerically for 1, 2, 4 or 16 chan- 
nels, the photocurrent variations are 6 dB, 4dB, 2.4dB 
or 0.75 dB successively. As such small variations may 
5 be difficult to detect, a WDM demultiplexer may be add- 
ed to a first embodiment of the invention to control each 
channel independently, as shown below in figure 2 . 
Figure 2 contains the same single components as de- 
scribed in figure 1 . Additionally to the basic solution in 
the third block an second demultiplexer 7 is integrated. 
This demultiplexer demultiplexes the tapped part of the 
remodulated signal. In each demultiplexed channel a 
single photodetector is built in. This structure: a demul- 
tiplexer demultiplexing several different wavelengths in 
different lines and a photodiode device in each line can 
be realized in AWG structure in a optical integrated mod- 
ule. 

It might be possible that the signal power of the tapped 
signal is too low for a analysis of the multiplexed siganls 
This is due to the fact that the modulator remodulates a 
signal which has the problem to contain time shifted sig- 
nals and than only a part of the signals is coupled into 
the photodiode. The modulator arises insertion losses 
for the signals. 

[0016] To alleviate the optical modulator insertion loss 
concatenated with the coupler withdrawing just a small 
part of the WDM multiplex, a second embodiment is pro- 
posed. 

[0017] Figure 3 shows this embodiment. In this em- 
bodiment the block 3 functions follows the block one 
functions first and than the remodulating functions of 
block 2 are connected. The multiplexed signal A is 
tapped to a second delay line 9. After this second delay 
line a second modulator 8 is connected to the demulti- 
plexer 7 and the photodetectors 4. The main signal is 
fed into the modulator 3. The clock recovery circuit is 
driving both modulators 8 and 3 with an fixed delay 11 
between. 

[0018] A small part of the WDM multiplex is sampled 
just before the modulator 3. On this derivation the sec- 
ond modulator 8 is inserted between an optical delay 
line t x , which delays the whole multiplex, and the WDM 
demultiplexer 7. The modulator is also controlled by the 
same RF clock provided by X c . The RF time delay be- 
tween the RF driving of the two modulators is fixed and 
\. is synchronised with modulator 3 for example by con- 
struction. 

In another embodiment the modulator 3 is been time 
synchronised with the modulator 8 also by adjusting the 
"out of line" optical delay line t x . If the wavelength \ 
controlling the RF clock signal is synchronously modu- 
lated on both modulators 3 and 8 then the out-of-line 
measure of x x will be the reference value (as a zeroing 
functionality) All the other wavelengths will be slaved to 
this initial measurement, first by adjusting for each chan- 
nel the optical delay x x . maximising the per-wavelength 
detected photocurrent, then measuring the difference 
versus the reference and only after applying this differ- 
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ence to the in-line per-wave length dedicated optical de- 
lay line T, 

[0019] Taken into account the "out-of-line" measure- 
ment technique functionality, it is possible to adjust in- 
dependently each wavelength without degrading to 
hardly the transmission quality when varying largely the 
optical delay line. 

[0020] As depicted on figure 4, the photocurrent evo- 
lution measured on a photodiode placed after an Elec- 
tro-absorption modulator reaches its maximum sensitiv- 
ity when the pulse centre is delayed one quarter of the 
centre time bit apart. The photocurrent evolution is sym- 
metric and it seems easy to determine the optimum point 
electronically. In this experiment the bit-rate is 1 0 Gbit/ 
s and the pulse width 32 ps which is also representative 
for a 40 Gbit/s regenerated transmission. 
[0021] The controlling function of block 4 are known 
from prior art. 

[0022] The embodiments described herein are exam- 
ples for solutions of the invention. The invention is not 
restricted to the described embodiments. Each compo- 
nent can be used that a person skilled in the art can use 
to obtain the desired result. The device for synchronisa- 
tion of parallel data in a WDM data stream is not limited 
to a special modulation scheme. It works with RZ or N RZ 
modulate signals and can also be adapted to every other 
modulation scheme fitting for a WDM transmission. The 
synchronization device is also not limited for a use in a 
regeneration tool . It can also be used as a stand alone 
device. 

[0023] The synchronization device is used in a trans- 
mission system for WDM transmission. The device is 
than be used in combination with an amplification toll 
and a reshaping tool. 



Claims 

1. Method for adjusting time delays between at least 
two channels in an optical WDM (wavelength divi- 
sion multiplex) transmission system comprising the 
following steps: 

• Demultiplexing the signals, delaying the signals 
individually between channels and multiplexing 
the signals again for the next step (Block 1) 

• First remodulating the multiplexed signal with a 
clock signal of high frequency (Block 2) 

• monitoring the remodulated signal with at least 
one low frequency photodetector unit (Block 3) 

• measuring, analyzing the photocurrent of the 
photodetector, adjusting via an electronic cir- 
cuit the time delays between the channels 
(Block 4). 



2. Method for adjusting time delays between at least 
two channels in an optical WDM (wavelength divi- 
sion multiplex) transmission system comprising the 
following steps: 

5 

• Demultiplexing the signals, delaying the signals 
individually between channels and multiplexing 
the signals again for the next step (Blockl) 

10 • First monitoring a part of the remodulated sig- 
nal from a second modulator (8) with at least 
one low frequency photodetector unit (Block 3) 

• remodulating the multiplexed signal in a modu- 
15 lator (3) with a clock signal of high frequency 

(Block2) 

• measuring, analyzing the photocurrent of the 
photodetector, adjusting via an electronic cir- 

20 cuit the time delays between the channels 

(Block 4). 

3. Device for a synchronization of data in an optical 
WDM transmission system, consisting of the follow- 

25 jng parts: a wavelength demultiplexer (1 ) for demul- 
tiplexing the incoming data stream in the synchro- 
nizer, delay lines (2) for the individual wavelength 
channels, a multiplexer (1 0) for combining the data 
stream before the remodulation, a modulator (3) 

30 modulated by a high frequency clock signal (5) the 
multiplexed data stream and at least one photode- 
tector (4) tapped to the output signal of the multi- 
plexer (10), characterized in that the at least one 
photodetector (4) is optically connected to at least 

35 a part of the multiplexed data stream and electron- 
ically connected to an electronic control circuit (6) 
which is connected to the individual delay lines (2) 
for an automatically adaptation. 

40 4. Device according to claim 3 characterized in that 
a second demultiplexer (7) is tapped to the output 
signal of the multiplexer (10) connected to at least 
one photodetector (4) for each individual wave- 
length of the wavelength multiplex. 

45 

5. Device according to claim 3, characterized in that 
a part of the wavelength multiplex signals (A) is 
tapped and feed in a second modulator (8) connect- 
ed with at least one photodetector (4) and driven by 

50 the same clock signals as the modulator (3). 

6. Device according to claim 3, characterized in that 

the demultiplexer (7) and the photodetectors are in- 
tegrated in a AWG optical component. 

55 

7. Regeneration device in a telecommunication sys- 
tem working with a bit synchronization device as 
claimed in claim 3 . 
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8. Telecommunication system with at least one trans- 
mitter, one receiver and transmission line with re- 
generation means in the line containing a device for 
synchronization as claimed in claim 3. 
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